Studies on the composition, distribution and seasonality of the benthic invertebrates of the Nangal wetland were undertaken for two years from February 2013 to January 2015. Twenty-four genera of benthic macroinvertebrates were recorded, out of which five belonged to Ephemeropteras, two to Plecoptera, five to Hemiptera, three to Diptera, two to Tricoptera, two to Coleoptera, one to Araneae, one to Odonata, two to Annelida and one to Gastropoda 
BENTHIC macroinvertebrates are relatively large-sized organisms (usually above 6 mm) present at the substratum of lakes, ponds, streams and rivers and belonging to several categories, viz. sponges, worms, insects, molluscs, etc. They mainly dwell at the bottom, but may occasionally travel upwards 1 . These organisms may be sensitive to changes in the environment such as pollution, habitat fragmentation and other stresses that degrade biodiversity 2 . Freshwater ecosystems are inhabited by a great variety of organisms. Therefore, aquatic macroinvertebrates have been identified as an excellent tool for biomonitoring studies as they respond rapidly to the environmental changes. Their abundance, diversity and short life cycle make them ideal subjects for assessment of ecological conditions of wetlands 3, 4 . Macro as well as microinvertebrates play an important role in the ecosystem. The benthic macrofaunas reside on or inside the deposit of bottom soil and feed on debris. They play a vital role in the circulation and recirculation of nutrients in aquatic ecosystem by accelerating the breakdown of decaying organic matter into simpler inorganic forms 5 . This can further accelerate the occurrence of other biotic components because they also serve as food for a wide range of fishes, birds and other aquatic organisms [6] [7] [8] [9] . Macroinvertebrates are an important group of organisms which are found in sediment present beneath the water column and act as key components in any aquatic ecosystem. Their study is important because the macrobenthic organisms are well-known indicators of anthropogenic stress due to their sedentary habitat 10 . Further, they maintain various levels of interaction between the community and environment. The structure of the benthic macroinvertebrate community provides precise and local information on recent events 11 . They are the first causalities of any environmental change 12 . Distribution of macrobenthos is based on biological characteristics and physico-chemical nature of the habitat. The physical alterations in the preferred habitats also play an important role on the spatial changes in the abundance of flora and fauna 13 . For survival, specific ranges of environmental conditions such as temperature, oxygen level, pH and salinity are needed by the macroinvertebrates 14 . Benthic species richness of an aquatic ecosystem has been attributed to the conducive physicochemical conditions which encourage their fast colonization. The low number of species and density of benthic life is attributed to low bottom oxygen 15 . In aquatic ecosystems, macrophytes play a significant role by providing attachment sites and materials to build protective retreats to invertebrates [16] [17] [18] . The dead and decaying matter sustain the benthic food chain and hence most of them are scavengers or detrivores 19 . Further, benthic fauna forms an important component of the food chain for the higher animal taxa, transferring energy and matter from phytoplankton, zooplankton and macrophytes to fishes, amphibians, reptiles, birds and mammals 20 as they act as a major food source for them 21 . In the polluted aquatic systems, some macrobenthos may be eliminated and some remain abundant due to less competition and/or tolerance to adverse conditions 22 . Considering this aspect, macrobenthic communities play a twofold role: first, they act as a connecting link in the food web and secondly, they purify the polluted water. Further, different soil and water characteristics also have a pronounced influence on the diversity of macrobenthos 23, 24 . As these highly sensitive organisms spend most of their lifetime at the same place because of less mobility, the effect of pollution and eutrophication is clearly evident on them 25 . The objective of the present study was to find the abundance, diversity and seasonal variations of macrobenthic fauna, since the occurrence of many higher organisms is dependent on them.
Study area
The Nangal wetland ( Figure 1 ) came into existence with the construction of a barrage on the River Satluj at Nangal city, Ropar district, Punjab, India. Further, it was constructed to the downstream of the Bhakra Dam as balancing reservoir. It acts as sponge to absorb surplus water released by the dam during the rainy season. It is situated at 312413.52N and 762203.05E at 1172 feet elevation. The wetland covers an area of 700 acres and supports different forms of biological diversity and hydrology. It attracts lot of migratory avifauna during the winter season, because it provides different habitats and breeding places for birds, fishes, reptiles, mammals and plants 26 . Due to its unique characteristics, the ecosystem was nominated to the Ministry of Environment and Forests, Government of India for inclusion under the National Lake Conservation Programme. The Ministry designated it as a 'Wetland of National Importance' in 2008.
Materials and methods

Analysis of physico-chemical parameters
Water samples were collected in 2 litres polythene bottles during morning hours between 7 : 00 a.m. and 11 : 00 a.m. The exact sample location was determined by global positioning system (GPS). Physico-chemical parameters such as air temperature, water temperature, relative humidity, conductivity, total dissolved solids (TDS), dissolved oxygen (DO), pH and salinity were determined in situ with the help of water analysis kit. Total alkalinity, turbidity, chlorides, total hardness and calcium and magnesium hardness were analysed in the laboratory following standard methods 27, 28 .
Sampling of benthic macroinvertebrates
Three sampling sites (S 1 , S 2 and S 3 ) were identified keeping in view the accessibility, variations in the microhabitat and representativeness of the entire ecosystem. These sites were given identification marks. Study of benthic macroinvertebrates and analysis of water quality were conducted for two annual cycles (February 2013-January 2015). Regular monthly sampling was undertaken between 9 : 00 a.m. and 11 : 00 a.m. at each site throughout the study period. All the data were pooled and statistical mean and standard deviation were calculated. The macroinvertebrates colonizing the substrate and surface were collected with the help of the Surber sampler (0.50 mm mesh net) and by hand-picking from beneath the stones and macrophytes. The macroinvertebrates were preserved in 5% formalin at the sampling sites. For quantitative analysis, macroinvertebrates were examined using inverted microscope and identified with the help of standard monographs and identification keys [28] [29] [30] [31] . The benthic macroinvertebrates were identified up to genus level.
Community analysis
The basic statistical calculations such as range, statistical mean and standard deviation (SD) were made and regression analysis (R) was carried out.
Biological indices such as Shannon−Weaver's index of diversity 32 , index of dominance 33 and evenness index 34 were used for further analysis.
(1) Shannon-Weaver's diversity index (H) is a measure of species abundance and evenness and is expressed as ( ln ),
where P i is the proportion of the first species. Also,
(2) Simpson index () is determined by the equation
where H is the Shannon-Weaver diversity index and S is the number of species in the sample.
Results and discussion
The benthic macroinvertebrate community composition of a particular habitat reflects the habitat characteristics. The presence of a particular population is governed by a specific set of ecological conditions prevailing at that period of time. In the present study, altogether 10 groups of benthic macroinvertebrates were recorded, viz. Ephemeropteras, Plecoptera, Hemiptera, Diptera, Tricoptera, Coleoptera, Araneae, Odonata, Annelida and Gastropoda. The benthic macroinvertebrate density was found to vary in different years. The total abundance of benthic macroinvertebrates was found to be high during 2014-15 compared to 2013-14 during the present study ( Table 1) . The variation in the abundance of individuals indicates that temperature has a pronounced influence on their life cycle. In the wetland ecosystem, the significance of bottom fauna as a link in the energy flow from primary productivity to fish yield is well known. The abundance, population density and diversity of benthic fauna mainly depend on physical and chemical properties of its habitat as it responds quickly to any change in water quality 35, 36 . Macrobenthic fauna can be used as indicators for bio-assessment 37 because of the presence or absence of particular benthic species in a particular environment and habitat condition. It can also be used as a barometer of overall biodiversity of an aquatic ecosystem 15 . The occurrence and distribution of benthic invertebrates are known to be intimately associated with the substrate condition and the surrounding environment. Silty loam or clayey substratum with dense macrophytes is known to be preferred by benthic macroinvertebrates 38 . It was observed during the present study that similar habitat exists in and around the Nangal wetland, which provides suitable environment for the occurrence of diverse macroinvertebrates. Table 1 provides a list of different types of macrobenthic invertebrates and their number of individuals/m 2 . During the present study, a total of 24 genera of benthic invertebrates were recorded from the Nangal wetland, out of which five belonged to Ephemeropteras, two to Plecoptera, five to Hemiptera, three to Diptera, two to Tricoptera, two to Coleoptera, one to Araneae, one to The number of benthic invertebrates was higher during 2014-15 compared to 2013-14 during the present study, which could be due to improved nutrient content as they have positive correlation with the occurrence of these organisms. Other researchers have made similar observations and concluded that some macroinvertebrates are highly sensitive to water quality and slight change of nutrients can cause fluctuations in the growth of these organisms 41 . Based on the degree of sensitivity to different pollution levels, the macrobenthos can be classified into pollutionintolerant, facultative and pollution-tolerant. Among arthropods, the abundance of coleopterans decreases with increasing pollution load; they are otherwise inhabitants of clean, clear water and thus can be authentically identified as pollution-intolerant macrobenthos. Similarly, ephemeropterans appear to be inhabitants of clear water. Pollution can cause a decline in ephemeropteran population 42 . It has also been reported that some oligochaetes and leeches are important indicators of pollution 22 . Further studies have shown that certain gastropods are also pollution indicators 43 . Similar results have been observed during the present study. Healthy population of both the groups mentioned above has been observed. This indicates that preferred conditions of water are available at this wetland, which may help enhance their population.
Diversity of composition of benthic population at all the sites revealed that the maximum diversity is observed at site S 2 , while site S 3 recorded least population. Overall, density of macroinvertebrates was found to be maximum at S 2 , which is due to the presence of riparian vegetation, suitable substrates and minimum water-level fluctuation. The riparian vegetation and substrates provide them protection from predators and suitable environment for the growth of algae, which is an important food source for many macroinvertebrates. Most of the invertebrates utilize plants as a direct source of food, sites for oviposition and source of respiratory oxygen [44] [45] [46] . Population of coleopterans and ephemeropterans was less at S 2 compared to the other two sites. This difference may be attributed to the anthropogenic disturbance caused by boating, leakage of oil from motorboats into water, tourist movement, washing of clothes at river banks, dumping of waste and other anthropogenic activities at this sampling site.
Glossophonia spp. was collected from the shallow sites in the study area. These species were not recorded from the relatively deeper sites during the present study. Other researchers have also reported that Glossophonia spp. prefer to live in shallow, warm, swampy areas and are tightly attached to the vegetation, as they feed on decaying plant matter 47 . Among dipterans, maximum population of Chironomus spp. was found at site S 2 as they are the pollution-tolerant species. Chironomus larvae have also been used as pollution indicators by a number of workers [48] [49] [50] . The growth and distribution of macrobenthic fauna are influenced by water temperature, which acts as regulator of their reproductive cycle 51 . In the study by Ingole and Parulekar 51 , water temperature ranged from 25.1C to 30.57C. In the present study it ranged from 15C to 29.2C (Table 2) , so this range is favourable for regulation of reproductive cycle of benthic macroinvertebrates.
Biological indices
During the present study (Table 3 ) good population of macroinvertebrates has been recorded that signifies its excellent ecological status. The occurrence of macroinvertebrate diversity can be used as a good indicator for biological and water quality assessment of this wetland. Similar studies have been reported earlier [52] [53] [54] . Biological indices like Shannon-Wiener index of diversity, Simpson index and evenness index were used for the analysis. As the species diversity index and species richness index depend upon the number of species as well as number of individuals in each species, they contribute equally to these index values 55 . Hence decrease or increase in any one of these two variables will influence the overall values of these indices.
In the present study, the value of Simpson index ranged from 0.9428 during 2013-14 to 0.9493 during 2014-15. The high value of indices showing high taxon richness, and high relative abundance of benthic macroinvertebrates was due to availability of food, type of substrate and physico-chemical factors at the study site. Similar observations have been made earlier [56] [57] [58] . Shannon-Wiener diversity index measures the number of species and the number of individuals in each species. A healthy benthic macroinvertebrate community should have a higher Shannon-Wiener diversity index. According to the Welch pattern 59 , H > 3 represents unpolluted regions, H < 1 represents polluted status and 1 < H < 3 represents moderate pollution status. In the present study, the value of Shannon index was 3.117 during 2013-14 and 3.154 during 2014-15, which indicates nearly moderate Table 3 presents the monthly physico-chemical characteristics of the Nangal wetland and Table 4 presents their correlation with benthic macroinvertebrates. Water temperature of the wetland fluctuated with air temperature; it was maximum in June and minimum in February during both the years. In any aquatic ecosystem, physicochemical parameters affect the whole benthic population either positively or negatively depending on their source. Physico-chemical parameters can cause long or shortterm shifts in benthic community richness, abundance and species composition. The presence of a mixed population of benthic fauna indicates suitable water quality for their survival in the entire environment 62 . Table 4 Figure 3 shows the regression correlation of benthic macroinvertebrates with some important physico-chemical parameters. Table 4 
Correlation between physico-chemical parameters and benthic macroinvertebrates
Regression analysis
Conclusion
The present study provides information on the diversity and community structure of benthic macroinvertebrates in the Nangal wetland. It also reveals the changes in abundance and community structure over the years. Overall, density of macroinvertebrates was found to be maximum at site S 2 , which is due to the presence of riparian vegetation, suitable substrates and minimum water-level fluctuations. The high diversity of macroinvertebrates in this wetland is due to the availability of macrophytes which provide shelter, varied niches and comparatively clean physico-chemical conditions for water. The abundance of benthic communities in terms of species diversity indicates a good life-support system for fishes, birds and other aquatic organisms. In addition, the composition and distribution of macroinvertebrates are reflection of the health of the wetland and thus this information can be used to design further strategies. Further, conservation and management programmes for this wetland can be initiated as it has numerous socio-economic and ecological values in the area.
